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COPPER  ANODES  IN  CHLORIDE  SOLUTIONS. 

Ilv    Saul    Dusi'Man. 

In  the  fullijwinn  paper  I  iiilciul  to  j,'ivc  a  stinmiary  of  an 
investigation  nndcrtaken  witli  tlie  ohjicl  of  explaiiiiiij;  llic 
anomalons  In'tiavior  of  copiKT  as  .iiiodc  in  cliloridc  solutions. 
Preliminary  experiments  sliowed  tliat  coi»i)er  dissolved  witli  a 
valeney  ran;,Mnf,'  from  i  to  j,  accordinjj  to  the  experimental 
conditions.  It  was  observed  that  in  eoncentraled  hydnx-hloric 
acid  solution,  it  dissolved  as  a  univalent  metal,  while  in  more 
dilute  soluti(jn  the  valencj-  was  greater,  an<I  finaliy  attained  a 
value  of  2  for  very  dilute  solutions.  Tiie  particular  concentration 
of  hydrochloric  acid  at  wiiich  the  copi)cr  ceased  to  dissolve  as 
purely  univalent  varied  with  the  rate  of  stirring,  rate  of  circula- 
tion, current  density,  and  other  factors.  Increased  stirring  or 
circulation  caused  the  metal  to  dissolve  nutch  more  as  cuprous, 
while  increasing  the  (  rrent  density,  under  otiicrvvisc  constant 
conditions,  increa.sed  the  proportion  of  cupric. 

Although  sevral  hypotheses  cntld  have  been  made  to  explain 
these  experiments,  the  one  chosen  seems  to  he  in  hesf  accord 
with  the  quantitative  experiments  descrilied  k-low.  It  is  assunud 
that  the  copper  anixle  dissolves  hy  the  action  of  the  current  in 
such  a  manner  that,  at  the  boundary  between  solution  ami  elec- 
trode, the  chemical  equilibrium  between  the  cupric  and  cuprous 
salts  in  hydrochloric  aci<l  solution  is  maintained. 

The  investigation  therefore  naturally  divided  itself  into  two 
parts:  (a)  Investigation  of  the  chemical  equilibrium,  (b)  deter- 
mination of  concentrations  at  thf  electrode  in  the  electro- 
lytic experiments.  The  chemical  equilibrium  between  cuprous 
and  cupric  salts  has  been  investigated  by  E.  Abel,*  R.  lAtthcr,* 

«E.  Ahcl,  Zcil.   f.   \nnrg.  Clicm.,  26.  361. 
«R.  Luther,  Zeil.  f.  Pliysik.  Cliem.,  36,  J83. 
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anil  lUMllJiiulcr  aiul  Storclnjck.'  A  .rRC  nuir.bcr  of  cxiicriments 
pcrfornicil  by  myself,  in  which  the  nKthtxls  of  analysis  and 
manipulation  were  diflfcrcnt  from  any. of  the  above,  proved  in 
conformity  with  those  of  the  last  named  authors.  The  equi- 
librium between  copjwr,  cupric  and  cuprous  salts  in  presence  of 
hydrochloric  acid  is  represented  by  two  equations: 


Cu  +  Cu    --^  a  Cu 
Cu  +  a  CI  •.  Cu  CI  J 


(O 

(2) 


HotUiindcr  atnl  Storbcck  tletonnined  the  values  of  the  constants 

k.  =  (Cu)/(Cu)»  and  k,  =  (Cua)/(Cu)(Cl)'  as  1.4  X  10* 
and  4  X  10*,  resiKJctivcly,  concentrations  being  in  mols  per  litre. 
The  second  part  of  the  investigation  had  for  its  object  the 
determination    of   the   conccntratitm   at   the   ancMlc    «luring   the 
electrolytic  exiicrimcnls,  so  that  the  values  of  k,  and  k,  might 
be  calculated  irom  these  and  conn)arcil  with  those  obtained  from 
the  equilihrivun  exiwrimcnt.     Ing.  i  is  a  diagram  of  the  electro- 
lytic cell  used.     It  consisted  of  two  porous  cylinders,  P,  and  P,, 
Ijctween  the  elionite  discs.  E  E.  *wo  concentric  glass  cylinders, 
L  and  M,  also  held  between  cl)Otnvc  discs,  and  a  rotating  copper 
anode.   A.   making  contact   with  a  shaft  and   holder,   H.     To 
prevent  liquid  from  entering  within  the  anode  tube,  two  ebonite 
plugs  Che  lower  of  these  having  a  glass  Tip,  T)  were  provided 
with  threaded  holes,  so  that  they  could  be  tightened  against  the 
copper,  as  shown  in  the  tliagram.    The  tube  could  therefore  be 
taken  off  the  plugs  and  weighed.    Its  area  was  about  40  square 
centimetres.     A   nib1)cr  tube,  with   stopper.   S.  fitted  over  the 
upiwr  plug.    The  electrolyte  entering  B  passed  between  the  two 
porous  cylinders,  through  holes  in  the  center  di.sc,  E.  and  the 
glass  cylinder,   M,  and  up  and  around  the  anode,  leaving  by 
means  of  the  exit  tube.  D.    The  cathode  consisted  of  a  platinum 
gauze,  C.  attached  around  the  discs  E.    The  different  parts  were 
cemented  together.    Cork  wedges  between  the  discs  and  the  glass 
container.  F,  prevented  any  lateral  motion  of  the  discs  when  the 
anode  was  set  rotating. 

Since  hydrochloric  acid  containing  air   in  solution  dissdves 

•G.  Bodlinder  ai  Storbcck,  Zeit.  f.  Anorg.  Clicm.,  31.  i.  45' 
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copper  even  without  current,  the  soh.tion  to  be  electrolyzed  was 
always  freed  from  air  by  exhaustion,  and  then  saturated  wm. 
carbon  dioxide.  Hlank  experiments  showed  that  m  such  a  so  u- 
tion  the  copier  chssolved  only  very  slightly.  A  large  bottle  fi  led 
with  stock  solution  WIS  jH^rmanently  connected  with  a  carbon 
dioxide  generator,  and  as  the  solution  ran  out  mto  the  cell, 
the  gas  took  its  place.  After  circulating  through  a  cell  once. 
the  electrolyte  passed  into  a  measuring  cylinder,  and  was  then 


Fro.  2. 

discarde.1.  A  copper  coulometer  and  ammeter  were  placed  in 
series  with  the  cell.  During  the  experiment,  the  rates  of  circula- 
tion an.l  stirring  were  kept  nearly  constant,  the  average  speed  of 
rotation  being  about  1.500  per  minute  in  all  the  expenmcnts. 

Now  we  shall  consider  how.  by  means  of  such  an  arrangement, 
we  can  calculate,  in  a  simple  manner,  the  concentrations  at  he 
electrode,  for  these  are  evidently  different  from  those  m  the 
solution  at  a  distance  from  the  electrode. 

In  Fig.  2,  let  OA  represent  a  section  of  the  electrode,  whose 
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area  is  S.  Let  OX  represent  the  distance  from  the  electrode.  It 
has  been  shown  by  Nemst  and  Brunner  that  in  a  rapidly  stirred 
solution  the  diffusion  is  limited  to  a  very  thin  layer  close  to 
the  electrode,  the  thickness  h  decreasing  with  increasing  rate 
of  rotation.  Outside  this  layer,  the  solution  is  of  uniform 
composition.  The  concentrations  of  Cu,  for  example,  at  the 
electrode  and  in  the  solution  are  represented  by  OC  and  Be, 
respectively.  Owing  to  the  circulation  of  the  electrolyte,  the 
concentration  in  the  solution  rapidly  attains  the  constant  value 
Be,  and  the  distribution  of  concentrations  in  the  layer  is  given 
by  the  line  Cc.  Now  since  all  the  concentrations  remain  constant 
during  the  electrolysis,  it  is  evident  that  the  following  relation 
exists  between  OC  and  Re: 

The  amount  of  cujjric  ion  entering  the  la'-  <■  'n  any  time  is 
equal  to  th^  amount  diffusing  out  into  the  &^,:  },  together  with 
the  amount-transported  in  the  same  time.  Or 


a^i^  t 

2  X   96540 


D^S  t  (C-c) 


+ 


n  i  t 

X  96540 


where  a 
i 
t 

D 
n 

Since   c 


fraction  of  current  used  to  produce  cupric  ion, 

current  in  amperes, 

time  in  seconds, 

diffusion  constant  in  cms/sec, 

transport  number  of  ion  in  the  solution. 

ait/2  X  96.540  V  where  V  =  volume  in  cc, 


C  = 


ait 
X  96540 


/I        ,      L  (I  -n)\ 
V  V     ^        D  S  t    y 


Similar  equations  hold  for  the  other  ions  in  the  solution. 

The  thickness  of  the  layer  was  determined  by  two  different 
methods,  and  both  gave  approximately  the  same  result.  It  was 
about  6  X  lO"*  cms.  The  diffusion  constants  were  calculated 
from  the  mobilities  by  means  of  Nernst's  formula  as  modified 
by  I'.ose.  The  fall  in  concentration  in  the  layer  was  found  to 
be  very  large.  Thus,  in  one  experiment  with  N/200HCI,  the 
concentration  of  Cu  at  the  electrode  was  0.8  X  10-*,  while  in 
the  solution  it  was  0.3   X    lo'.     In  different  experiments,  in 
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Which  the  concentrations  of  HCl.  Cu.  Cu  and  Cucf,  varied, 
the  value  of  the  constant  k,  =  (Cu)/(Cu)'  was  nevertheless 
very  fair,  being  about  0.3  X  10*.  instead  of  1.4  X  IO^  as  deter- 
mined by  Bodlander  and  Storbeck. 

However,  considering  the  various  assumptions  on  which  these 
calculations  have  been  made.  I  consider  the  agreement  fair 
Exil^riments  are  still  in  progress  by  which  I  hope  to  ob  -  mo 
accurate  results,  but  the  data  so  far  obtained  seem  to  emphasize 
this  point:  Bv  the  assumption  of  instantaneous  equilibrium  at 
the  Cdary  ^tween  anode  and  solution,  the  apparentlv  erratic 
results  are  reduced  to  agreement  with  Faraday  s  Law. 

Electrochemical  Laboratory, 
University  of  Toronto. 


